CP violating dipole moments of leptons vanish at least to three loop order and are estimated to be ( pure SUSY or L-R interactions and perhaps also mirror generated mixings without some sort of quark-lepton unification as its origin.
I.Introduction
CP violation has so far been observed only in the decay of neutral kaons [1] . In the SM, CP violation arises from the complex Yukawa couplings which generate a non vanishing phase in the quark mixing (Cabibbo -Kobayashi-Maskawa) matrix [2] . On the other hand in leptonic reactions, CP violation only comes through higher order corrections involving quark mixing. For the process considered here -the production of τ + τ − in e + e − collision -the SM prediction for CP violating effects is so small that it will not be measurable in any experiment currently proposed. To give a numerical estimate, CP violating electric dipole moments (edm's) of leptons vanish at least to three loop order in the SM and are estimated to be of the order of 1.6(
−40 e-cm, where m l is the mass of the lepton [3] . Observation of CP violation in leptonic systems at current or near future experimental facilities would therefore signal beyond SM interactions.
From a theoretical standpoint the description of CP violation in the framework of the SM does not offer any explanation of its origin. Many extensions of the SM have been proposed which try to offer a deeper insight into the mechanism of CP violation [4] . Some of them predict CP violating effects in interactions where there is no significant contribution from the SM. Besides the predicted magnitude of these effects differ from one extension of the SM to the other, so that their experimental search could not only detect some beyond SM physics but also shed some light on its nature. The most sensitive and classic tests in this field are the searches for edm's of neutron, the electron, the muon and the tau. No non vanishing edm has been found so far and upper limits have been set at d Theoretically it would be interesting to consider some extension of the SM that predicts real parts of WDFF and EDM at a level that is close to the precision range achievable at present or in near future experimental facilities. Since τ belongs to the third or most massive generation among the fermion families, one possibility to generate measurable dipole moments of τ would be to make use of the non-universal interaction that gives rise to large m t in loop induced corrections. In this article we shall therefore consider dipole moments of τ lepton due to leptoquarks [LQ's] that couple τ to t through helicity unsuppressed couplings. Being flavor diagonal the couplings are not subject to flavor changing suppression either and can be as large as em coupling [10] . We find that such light (m LQ ≈ 100 Gev) scalar leptoquarks that couple both to τ L and τ R with couplings of magnitude |g L | ≈ |g R | ≈ e can give rise to d contributions. In Sec. III we present the estimates of the magnitudes and relative phase of LH and RH leptoquark couplings that will be used in this article to calculate the dipole and magnetic moments. We also show the consistency of these estimates with several pieces of experimental data. In Sec. IV we estimate the dipole moments and magnetic moments of τ due to LQ's. Here we also present the estimates of pure SUSY and L-R contributions to the current experimental limits on B(τ → µγ) and δa τ (anomalous magnetic moment of tau). Finally in Sec. VI we present the conclusions of our study.
II. Leptoquark induced dipole moments of tau
The effective Lagrangian with the most general dimensionless SU (3) c ×SU (2) l ×U (1) y invariant couplings of scalar and vector leptoquarks that can give rise to dipole moments of charged leptons can be written as [10]
Here q L , l L are LH quark and lepton doublets, and e R , d R , u R are RH charged leptons, down and up quarks respectively. ψ c is a charge conjugated fermion field. The indices of the LQ's give the dimension of their SU (2) representation. Color, weak isospin and generation indices have been suppressed. The subscripts L and R of the coupling constants stand for lepton chirality.
We shall assume that in the underlying extension of the SM there is some symmetry that prevents the LQ's from giving rise to baryon and lepton number violating decays. Such a situation indeed occurs in a four dimensional E(6) grand unified model derived from a ten dimensional E(8)xE(8) heterotic superstring theory [11] . There a discrete symmetry arising from the topological properties of the compact manifold causes the diquark couplings to vanish. The couplings and masses of such LQ's have to satisfy much weaker bounds. In fact in the low energy superstring models we obtain relatively small masses for the S 1 leptoquark (≈ 50-1000 Gev) [12] . At the CERN large electron-positron collider (LEP) the experiments have established a lower bound m LQ ≥ 45 − 73 Gev for scalar leptoquarks [13] . On the other hand, the search for scalar leptoquark decaying into an electron-jet pair in pp colliders have constrained their masses to be m LQ ≥ 112 Gev [14] . Finally the experiments at the ep collider HERA constrain their masses to be m LQ ≥ 92 − 184
Gev depending on the leptoquark type and couplings. In this article we shall take the LQ couplings and masses to be bounded by low energy processes and by the recent LEP data, since we do not have a detailed knowledge of the compact manifold where we realized the compactification. Low energy experiments imply that if there is one or more LQ's for each quark-lepton generation, it is possible to have flavor diagonal couplings as large as ordinary gauge couplings for LQ masses of order 100 Gev [10] . Besides the strong helicity suppression on the product g 1L g 1R or h 2L h 2R from the flavor conserving decay π 
where q and p are the four momenta of the photon and the incoming τ , N c is the number of colors and
Similarly the effective Lagrangian describing the coupling of Z to the weak magnetic and dipole moments of τ turns out to be
where c w = cosθ w , s w = sinθ w and The CP violating phase δ (where we define g * 1L g 1R = |g * 1L g 1R |e ıδ ) can be estimated or rather an upper limit on it can be derived from the experimental limit on d γ e . In order to do that we shall assume that the phase δ for the third generation is of the same order as that of the first generation. Any heirarchy in the dipole moments of leptons of different generations will arise from the chirality flipping mass in the loop diagram and from the constraint on flavor changing LQ couplings. Under these assumptions we find that (using naive dimensional anlysis)
where ξ is a number of O(1) which arises in evaluating the loop integral. Note that for the couplings of S 1 to the quark-lepton pair of first generation |g *
−26 e-cm [5] , it then follows that sin δ ≤ 
IV. Estimates of dipole moments and magnetic moments of τ in different scenarios
In order to evaluate d in Sec. III we find that
and
for m t ≈ 175Gev, m S 1 ≈ 100 Gev, |g * 1L g 1R | ≈ e 2 ≈ .1 and cos δ ≈ sin δ ≈ O(1). The relevant loop integrals appearing in the above expressions have been evaluated numerically.
An order of magnitude estimate of the magnetic moments and dipole moments can also be obtained by naive dimensional analysis.
We will now consider the electric dipole moments of τ in SUSY and L-R symmetric models which do not incorporate some sort of quark-lepton unification and hence do not have LQ's. In SUSY models there can be inherently supersymmetric contributions that are large. For example at one loop level a non-vanishing dipole moment can arise from a τ going into a scalar τ and a neutralino (γ,Z,H). For the photino mediated diagram we get
f (x) where mγ is the mass of the photino; m is the scale for low energy SUSY breaking; x = (mγ/m); A is a complex parameter of order unity and f(x) is the Polchinski-Wise function [13] . The CP violating phase arg(Amγ) arises from the effective soft SUSY breaking terms and can be bounded from d γ e [14] . Using the experimental bound 
where m A = mass of χ A ; M i = mass of W i and r Ai = . U and P,Q are unitary matrices that relate gauge eigenstates to the mass eigenstates of the charged bosons and neutrinos
where D A is the expression in brackets in Eq. (9) and ζ is the W L − W R mixing angle.
From current algebra analysis of purely non-leptonic strange decays one obtains ζ < .004. and London [20] from a combined analysis of various experiments and by Bhatacharya et al. [21] using the LEP data. Using these constraints on mixings and maximizing the CP violating phase, one can derive limits on mirror fermionic contributions to various dipole moments. In particular using the limits on the mixing angles from the LEP data on z → τ + τ − decay, Joshipura [22] has shown that a d 
where for the S 1 leptoquark with the top quark contribution dominating
Here the subscripts i,j of the couplings denote the generations to which the quark and For smaller values of these parameters the estimated dipole moments would be smaller.
We have also shown that the inherently SUSY and L-R contributions to the EDM of τ are of the order of 10 −22 e-cm, which is too small to be observed in any of the proposed experiments. The mirror fermionic contribution to d 
